ABSTRACT Background: Dietary guidelines recommend interchanging protein foods (e.g., chicken for red meat), but they may be exchanged for carbohydrate-rich foods varying in quality [glycemic load (GL)]. Whether such exchanges occur and how they influence long-term weight gain are not established. Objective: Our objective was to determine how changes in intake of protein foods, GL, and their interrelationship influence long-term weight gain. Design: We investigated the association between 4-y changes in consumption of protein foods, GL, and their interaction with 4-y weight change over a 16-to 24-y follow-up, adjusted for other lifestyle changes (smoking, physical activity, television watching, sleep duration), body mass index, and all dietary factors simultaneously in 3 prospective US cohorts (Nurses' Health Study, Nurses' Health Study II, and Health Professionals Follow-Up Study) comprising 120,784 men and women free of chronic disease or obesity at baseline. Results: Protein foods were not interchanged with each other (intercorrelations typically ,|0.05|) but with carbohydrate (negative correlation as low as 20.39). Protein foods had different relations with long-term weight gain, with positive associations for meats, chicken with skin, and regular cheese (per increased serving/d, 0.13-1.17 kg; P = 0.02 to P , 0.001); no association for milk, legumes, peanuts, or eggs (P . 0.40 for each); and relative weight loss for yogurt, peanut butter, walnuts, other nuts, chicken without skin, low-fat cheese, and seafood (20.14 to 20.71 kg; P = 0.01 to P , 0.001). Increases in GL were independently associated with a 0.42-kg greater weight gain per 50-unit increase (P , 0.001). Significant interactions (P-interaction , 0.05) between changes in protein foods and GL were identified; for example, increased cheese intake was associated with weight gain when GL increased, with weight stability when GL did not change, and with weight loss when exchanged for GL (i.e., decrease in GL). Conclusion: Protein foods were commonly interchanged with carbohydrate, and changes in protein foods and GL interacted to influence long-term weight gain.
INTRODUCTION
Whereas many studies have assessed weight-loss interventions in obese subjects, less is known about primary prevention of weight gain. Just as primary prevention of cardiovascular disease and diabetes has emerged as essential complements to secondary treatments, the primary prevention of long-term weight gain, which often occurs subtly (w1 lb or 0.45 kg/y), is a crucial strategy for reducing population adiposity and associated morbidities. Current dietary guidelines and policy measures to reduce obesity are strongly calorie focused, advising individuals to pay "attention to consuming only enough calories to meet their needs" (1) and emphasizing total calorie counts on food nutrition labels (2) and restaurant menu boards (3). Yet, growing evidence indicates that specific types of foods and drinks consumed, rather than simply their calorie content, influence longterm weight gain very differently (4) .
The interactions of protein-rich and carbohydrate-rich foods could be especially relevant for long-term weight gain (4-7): protein has been considered potentially protective against obesity (8), whereas high-glycemic index (GI) 5 starches, refined grains, and sugars may be especially adverse (4-6) due to the greater and more rapid rises in postprandial blood glucose and insulin they induce, which mechanistic and physiologic studies link to pathways of weight gain (9) . Glycemic load (GL) considers both the GI of the food as well as the total carbohydrate content, thereby reflecting both carbohydrate quality and quantity (9) , which may be relevant to long-term weight gain. GI and GL often closely correlate, although some foods with a low carbohydrate content per serving may have discordant GI and GL values (e.g., watermelon has a high GI but a low GL) (10) .
Current dietary guidelines do not distinguish between different protein sources in relation to weight gain: individuals are advised to select from a variety of protein foods, including fish, poultry, lean red meat, dairy, legumes, and nuts (1) . Such recommendations also include implicit and explicit guidance to interchange different protein foods (e.g., poultry or fish for red meat). Yet, the extent to which people actually substitute one protein food for another is not established. Individuals might also choose to exchange protein sources with carbohydrate, the amount and quality of which could influence weight gain.
Thus, it remains unclear how different protein foods are interchanged with each other and with carbohydrate and how these interactions relate to weight gain. To investigate these key questions, we assessed the correlations of changes in different protein foods with each other and with carbohydrate, the associations of changes in the intake of protein foods and changes in carbohydrate quality with long-term weight gain, and the interaction between protein foods and carbohydrate quality with long-term weight gain in 3 separate prospective cohorts of US men and women.
METHODS

Study design and population
We evaluated 3 separate, well-established prospective cohorts, including the Nurses' Health Study (NHS; n = 121,701 female registered nurses from 11 US states enrolled in 1976), the Nurses' Health Study II (NHS II; n = 116,686 younger female registered nurses from 14 states enrolled in 1989), and the Health Professionals Follow-Up Study (HPFS; n = 51,529 male health professionals from all 50 states enrolled in 1986) (4). In each cohort, participants were followed by biennial validated questionnaires concerning medical history, lifestyle, and health practices. Follow-up rates for the 3 cohorts exceed 90%. For this analysis, baseline was the first year for which detailed information was available on diet, physical activity, and smoking-1986 in the NHS and HPFS and 1991 in the NHS II. As described previously (4), we excluded participants at baseline who were already obese [BMI (in kg/m 2 ) $30], aged .65 y, had missing or implausible data (energy intake ,900 kcal/d or .3500 kcal/d, 9 or more blank responses on the diet questionnaire, or missing data on baseline weight), had prevalent chronic disease (cancer, cardiovascular disease, diabetes, renal disease, pulmonary disease, rheumatologic disorders, or ulcerative colitis), and were or became pregnant. In total, 120,784 generally healthy participants were included in this analysis, including 46,994 in the NHS, 47,928 in the NHS II, and 25,862 in the HPFS. To minimize reverse causation, we also censored participants during follow-up at age 65 y and 6 y before the diagnosis of cancer, cardiovascular disease, diabetes, renal disease, pulmonary disease, rheumatologic disorders, or ulcerative colitis. The study protocol was approved by the institutional review boards of Brigham and Women's Hospital and Harvard School of Public Health.
Assessment of protein foods and glycemic load
In each cohort, usual dietary habits were assessed every 4 y by using validated food-frequency questionnaires (11-13) from which we calculated 4-y dietary change in total and subcategories of various meats, poultry, fish, dairy, nuts, and legumes (Supplemental Table 1 ). Butter, although not a significant source of protein, was included in the analysis of protein foods for completeness because it may be considered a dairy product and is of animal origin. Changes in carbohydrate amount and quality were assessed by using changes in GI and GL. The daily GI was calculated as a continuous value as the product of the carbohydrate content of each food per serving, the average daily servings of the food, and the GI, as described by Salmerón et al. (14) . In a validation study of the foodfrequency questionnaire, high correlations were reported for foods from which GI was calculated; furthermore, calculated and measured GIs for mixed meals have been reported to correlate well (15) . GL was calculated as the daily GI times the total carbohydrate content per day of the diet. Therefore, GL accounts for both the GI and the carbohydrate amount (grams of available carbohydrate) of each food item, summed across all foods consumed (10) . Examples of carbohydrate-rich foods items on the food-frequency questionnaire include white bread, muffins or biscuits, pancakes or waffles, white rice, chocolate, candy bars, cookies, brownies, cake, pies, and pretzels.
Assessment of weight change
Weight and height were collected via self-report on the questionnaire: weight was asked every 2 y, and height was collected once in 1976 for the NHS, 1991 for the NHS II, and 1986 for the HPFS. BMI was calculated as the product of weight (kg) and inverse of height (m) squared. A validation study confirmed that self-reported weights correlated closely with actual body weight (R = 0.96) (16) . Weight change was calculated every 4 y.
Statistical analysis
We assessed the simultaneous association between changes in protein foods and weight changes within 4-y periods over the follow-up period of 24 y in the NHS, 16 y in the NHS II, and 24 y in the HPFS by using generalized estimating equations, with an unstructured correlation matrix, to account for within-individual repeated measures across follow-up (e.g., 6 time periods for the NHS, 4 time periods for the NHS II, and 6 time periods for the HPFS). We adjusted for age; baseline BMI in each 4-y period; changes in all protein food simultaneously (see Supplemental Table 1 for the list and definition of all protein foods); changes in intake of fruit, vegetables, fried foods consumed at home, fried foods consumed away from home, trans fats, physical activity (metabolic equivalents h/wk), smoking status (current, former, or never), and alcohol intake; and hours of television watching and sleep. Changes in dietary habits were evaluated as continuous variables censored at the 0.5th and 99.5th percentiles to minimize the influence of outliers. We used carried-forward values for missing dietary and weight values (range: 14-51%); dropping missing values from the analysis demonstrated similar findings (data not shown). Lifestyle covariates were coded as categorical variables and included in the model as indicator variables, with missing values coded by using a missing indicator category. When subcategories of foods were included in PROTEIN FOODS, GLYCEMIC INDEX, AND WEIGHT GAIN the model (e.g., low-fat and regular cheese or regular and lean hamburger), the main category (total cheese, total hamburger) was removed from the model.
Correlations of changes in protein foods with each other and with changes in carbohydrate were assessed by using Pearson correlations. The potential modifying effect of changes in GL on the relation between changes in protein foods and weight gain was evaluated in a model including indicator categories for GL, an indicator for protein change (increase or no change/decrease), and their interaction. The GL indicator categories included 1) no change in GL, 2) minimal (210-to +10-unit change excluding 0) change in GL, 3) an increase of .10 units in GL, and 4) and decrease of ,210 units in GL. For comparison, a GL of 10 units represents about one-third of an SD of GL in our cohorts or one slice (30 g) of white bread (10) . P-trend for the interaction was evaluated in a separate model by using the multiplicative term between an ordinal variable for categories of GL change (see above) and continuous change in protein food. In all analyses, no significant interactions between protein change and GL change were seen for any protein food when its intake was decreased; therefore, results from the interaction model are shown only for an increase in protein intake. Findings were evaluated both separately by cohort and pooled across cohorts by using inverse variance-weighted random-effects meta-analysis with SAS 9.2 (SAS Institute). A P value ,0.05 was considered statistically significant.
RESULTS
Baseline characteristics
Weight, lifestyle, and dietary characteristics at baseline and changes during 16-24 y of follow-up are shown in Supplemental Table 2 . At baseline, women in the NHS were age (mean 6 SD) 48.9 6 2.7 y; women in the NHS II, 37.7 6 3.2 y; and men in the HPFS, 47.3 6 2.7 y. During follow-up, women in the NHS II gained +2.1 kg (4.7 lb)/4 y, women in the NHS gained +1.1 kg (2.3 lb)/4 y, and men in the HPFS gained +0.7 kg (1.6 lb)/4 y. Among different protein foods, total dairy was the most frequently consumed (w2 servings/d), followed by red meat (w0.5 servings/d).
Intercorrelations between changes in protein foods and changes in carbohydrate
Across all 3 cohorts, the 4-y changes in intakes of different protein foods in the 1986-1990 (NHS and HPFS) or 1991-1995 (NHS II) time periods were uncorrelated with each other (Supplemental Table 3 ; see Supplemental Table 2 for baseline levels of carbohydrate intake): nearly all were .|0.10|. A few exceptions were seen between protein foods that might be commonly consumed together or substituted for one another: for example, changes in bacon and eggs were positively correlated (r = 0.24), whereas changes in low-fat milk and whole milk (r = 20.25) were inversely correlated. Intercorrelations between protein foods were similar within each 4-y period across followup (data not shown).
In contrast, changes in nearly every protein food were inversely correlated with changes in carbohydrate at baseline, with negative correlations ranging from 20.06 (whole milk) to 20.39 (unprocessed red meat) (Figure 1 , individual cohort results; Supplemental Figure 1 , pooled results). Exceptions were legumes (r = 0.10), low-fat milk (r = 0.04), yogurt (r = 0.12), flavored sweetened yogurt (r = 0.09), plain or artificially sweetened yogurt (r = 0.01), and low-fat cheese (r = 0.03), and each positively correlated with changes in carbohydrate. In other words, individuals in each cohort generally exchanged protein sources with carbohydrate-rich foods, rather than with other protein foods, and ate more carbohydrate when they increased their intake of low-fat dairy foods. These correlations remained consistent across follow-up (data not shown).
Changes in carbohydrate amount and quality, changes in protein foods, and weight gain Changes in both the mean total GL and GI of the diet (multivariable adjusted, including changes in all protein foods) were positively related to weight gain ( Table 1) . Each 50-unit increase in GL was associated with +0.42 kg (0.93 lb); (95% CI: 0.24 kg, 0.60 kg) greater weight gain every 4 y and each 5-unit increase in GI with +0.35 kg (0.78 lb); (95% CI: 0.25 kg, 0.45 kg) greater weight gain. In contrast, changes in intakes of specific protein foods, adjusting for all protein foods simultaneously along with GL and other lifestyle characteristics, had very different associations with weight change, with highly consistent findings across the 3 cohorts ( Figure 2 and Supplemental Table 4 ). Pooling all 3 cohorts, we found heterogeneous associations between protein foods and weight change, with increased intake of regular hamburger most strongly linked to weight gain [per increased servings/d, +1.03 kg (2.28 lb); (95% CI: 0.45 kg, 1.61 kg)] and increased intake of plain or artificially sweetened yogurt most strongly linked to relative weight loss [20. 71 kg (21.56 lb); (95% CI: 20.90 kg, 20.52 kg)]. Because of conceivable confounding by french fry intake, we further adjusted the change in regular hamburger intake for change in french fry intake in the NHS cohort and found similar results [4-y weight gain +0.88 kg (1.94 lb); (95% CI: 0.37 kg, 1.39 kg)].
Associations with weight gain (or weight loss) were generally similar within each broad category of protein food (e.g., among different unprocessed red meats, among different processed meats, and among different nuts). The exceptions were poultry [for chicken with skin, a 1-serving/d increase was associated with +0.48 kg (1.06 lb); (95% CI: 0.06 kg, 0.90 kg) weight gain every 4 y, whereas for chicken without skin, a 1-serving/d increase was associated with 20.48 kg (21.06 lb); (95% CI: 20.70 kg, 20.27 kg) relative weight loss every 4 y] and different types of dairy products [as reported previously (4)]. Results were not appreciably altered when GI was used in the model in place of GL (Supplemental Table 4 ) or with further adjustment for intake of total dietary fiber (data not shown).
Interaction between changes in protein foods, GL, and weight change For several protein foods, associations with weight gain significantly varied (P-interaction , 0.05) depending on concurrent changes in GL (Figure 3 and Supplemental Table 5 ). For many protein foods positively associated with weight gain (e.g., unprocessed red meat, processed meat), a concomitant increase in GL augmented the weight gain. Conversely, when intakes of these foods were increased but GL was decreased (i.e., consistent with these foods at least partly replacing higher GL carbohydrates), the associated weight gain was significantly smaller. Conversely, for many protein foods associated with relative weight loss (e.g., nuts, seafood, plain yogurt), a concurrent increase in GL generally reduced the amount of weight loss, whereas a decrease in GL accentuated it. Notably, some foods had opposing relations with weight gain, depending on whether GL increased or decreased. A 1-serving/d increase in eggs was associated with +0.28 kg (0.61 lb); (95% CI: 0.12 kg, 0.43 kg) weight gain when GL was simultaneously increased, yet 20.79 kg (21.75 lb); (95% CI: 21.04 kg, 20.54 kg) relative weight loss when GL was simultaneously decreased (Pinteraction , 0.001). Similar findings were seen for cheese.
Interactions with GL were generally similar among subtypes of unprocessed red meats, processed meats, nuts, and yogurt. Some differences were seen for interactions among subtypes of poultry d Butter, although not a significant source of protein, was included in the analysis of protein foods for completeness because it may be considered a dairy product and is of animal origin. All correlations had a P value of ,0.0001 except for plain or artificially sweetened yogurt for the NHS (P = 0.84) and HPFS (P = 0.02) and low-fat cheese for the NHS (P = 0.02) and HPFS (P = 0.07). FFQ, food-frequency questionnaire; HPFS, Health Professionals Follow-Up Study; NHS, Nurses' Health Study; NHS II, Nurses' Health Study II.
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(with skin vs. without) and cheese (regular vs. low-fat) (Supplemental Table 5 ). In sensitivity analyses, we found that testing the interaction of protein foods with other metrics of carbohydrate amount and quality, including energy-adjusted GL, percentage of calories from carbohydrate, or GI, did not substantially change our results. Indeed, observed interactions for these other metrics of carbohydrate intake resulted in GL being a conservative estimate of the interaction between carbohydrate and protein, except for legumes and nuts, which showed a slightly greater interaction with GL (Supplemental Table 5 ).
DISCUSSION
In these 3 large prospective cohorts of US men and women, we identified 3 key and consistent findings. First, whereas dietary guidelines emphasize exchanging different protein foods with each other (e.g., chicken for meat), we found that these foods were most frequently exchanged with carbohydrate. Second, changes in carbohydrate amount and quality (measured by GL or GI) and some protein foods were independently associated with long-term weight gain, whereas other protein foods were independently associated with relative weight loss. Third, concomitant changes in GL modified the relations of most protein foods with long-term weight gain, in some cases substantially. These findings suggest that attention to types of protein foods as well their dietary replacements, especially carbohydrate-rich foods, is crucial for long-term weight maintenance.
The importance of carbohydrate amount and quality in promoting long-term weight gain has been debated, with inconsistent epidemiologic findings for the role of GI and GL in long-term weight gain (17, 18) . These prior studies evaluated only baseline GI or GL, rather than changes in intake over time. Our recent methodology work suggests that the association between prevalent, baseline intake and weight change may be biased (19) . In the present work, we identified strong, consistent, and positive associations between changes in GL and GI and long-term weight gain. These results are supported by findings from weight-loss intervention trials reporting improved weight loss and weight-loss maintenance with decreased dietary GL or GI (5, 6). Furthermore, several studies have identified positive associations between foods higher in GI and GL, especially refined grains, and weight gain, as well as inverse associations between foods lower in GI and GL, such as whole grains, fruit, and vegetables, and weight loss (4, (20) (21) (22) (23) . However, not all studies have found associations between GL or GI and weight loss, which may be due to differences in the diet composition of the control/comparison group, dietary adherence/compliance of the participants, or dietary composition/definition of what constitutes a high-GI vs. low-GI diet (24) (25) (26) .
Higher-protein, lower-GI diets may confer a metabolic advantage during weight-loss maintenance (6), perhaps partly based on higher resting energy expenditure (5). Compared with lower-GI meals, higher-GI meals may also induce smaller satiating effects and larger activation of reward and craving areas of the brain, leading to increased long-term overconsumption and weight gain (27) . Together, these mechanistic studies support our observations that GI and GL independently promote weight gain, as well as the potential that dietary protein and GL may synergistically influence long-term weight.
In the long term, most people appear to be expanding the share of their plate for carbohydrates when protein foods are decreased or vice versa. The notable exceptions were low-fat dairy foods, for which changes in intake positively correlated with carbohydrate intake. These patterns of exchange remained consistent across the 16-24 y of follow-up, decreasing the likelihood that these results are due to participants adopting or abandoning lowfat or low-carbohydrate eating patterns. These findings provide novel and important evidence that lowering the fat content of dairy or other foods may simply lead to increased carbohydrate 2 Mean and 95% CI of the weight changes shown are for increased glycemic load and glycemic index; decreased glycemic load/index would be associated with the inverse weight change. To convert from kilograms to pounds, multiply by 2.2. The multivariable model included age; baseline (of each 4-y period) BMI; sleep duration; changes in smoking status, physical activity, television watching, and alcohol consumption; and changes in servings/d of red meat, processed meat, poultry, seafood, eggs, legumes, butter, nuts, dairy, fruit, vegetables, fried foods consumed at home, fried foods consumed away from home, and trans fats.
3 For reference, the SD of glycemic load in our 3 cohorts is w25 units, and a slice (30 g) of white bread has a glycemic load of 10 units. 4 For reference, the SD of glycemic index in our 3 cohorts is w2 units, and a slice (30 g) of white bread has a glycemic index of w70 (compared with a standard dose of glucose) (10).
consumption and explain why associations with weight gain were generally not different for lower-fat vs. higher-fat versions of foods. Whether these findings in adults are generalizable to all ages should be investigated, particularly since it was recently reported that children who consume more low-fat milk have greater weight gain than those who consume whole milk (28) .
The significant interactions between changes in protein foods and changes in GL also appear relevant. For foods associated with weight gain, the association was augmented when GL was also increased and blunted when GL was decreased. The inverse was true for foods associated with relative weight loss. Based on this, eating meat with white bread, white rice, or potatoes (high-GL foods) might augment its obesogenic effects, whereas eating meat in place of these starches would partly mitigate such effects. Conversely, eating seafood or yogurt with refined grains, starches, or sugars might reduce their protection against weight gain, whereas eating these foods in place of high-GI carbohydrates might accentuate the benefits. Equally interesting were findings for beans, eggs, and cheese, for which observed relations with weight gain were abolished or even reversed depending on concurrent changes in GL. Our results suggest that consuming cheese in place of refined grains, starches, or sugars could reduce weight gain, whereas eating cheese together with high-GL foods might promote long-term weight gain. Thus, rather than focusing on total calories alone, individuals should consider the types of protein foods and the concurrent quality of carbohydrate-rich foods they are choosing.
We previously reported that changes in intake of different protein foods were differentially linked to weight gain (4) , and some of these findings have been confirmed by other investigators (29) . However, some of our findings are incongruent with other publications (21) . This may be due to methodologic differences, particularly our use of dietary change, rather than baseline dietary intake, as our exposure, which may produce a less biased association with weight change (19) . The present investigation builds on and substantially extends these prior findings by evaluating several additional types and subtypes of protein foods. Subtypes of red meat and processed meat had consistent associations with weight gain, whereas subtypes of nuts had consistent associations with relative weight loss. Subtypes of poultry, chicken with skin and chicken without skin, were associated with long-term weight gain and weight loss, respectively. The potential mechanisms to explain this difference are unclear: our findings were adjusted for changes in consumption of fried foods, and changes in poultry were not strongly correlated with changes in other dietary factors. Therefore, the findings for poultry require further investigation.
Aging can alter body composition, thereby reducing the correlation between increased BMI and excess adiposity (30) . Using waist circumference, rather than BMI (or body weight), in an older population would more adequately reflect adiposity (31); however, we did not have 4-y repeated measures of waist circumference in the NHS, NHS II, and HPFS cohorts. We have taken measures to reduce the bias from loss of muscle mass, however; all participants were younger than 65 y at baseline, and their data were censored once they reached age 65 or 6 y before the diagnosis of serious illness to account for preclinical disease muscle loss. Although overall consumption of greater dietary protein may be linked to preserved muscle mass in older adults (32), we saw heterogeneous associations between protein foods and weight change; that is, some protein foods were associated with weight gain, whereas others were associated with relative weight loss, suggesting that the more likely explanation is due to changes in adiposity.
Our investigation has several strengths. We comprehensively analyzed novel relations among multiple protein foods, GL and GI, and their interactions. We included 3 separate cohorts with large numbers of participants and extended follow-up, increasing statistical power and providing cross-validation of findings. Our FIGURE 3 Interaction between change in protein foods and change in GL in association with long-term weight change. Data are based on pooled results from 120,784 US men and women from 3 prospective cohorts with 16-24 y of follow-up. The 4-y weight gain across follow-up is shown for a 1-serving/d increase in protein food adjusted for age; baseline (of each 4-y period) BMI; sleep duration; change in smoking status, physical activity, television watching, alcohol consumption, and the shown dietary factors; change in fruit, vegetable, and trans fat intake; and indicator variables for GL change, protein change, and their interaction. The GL indicator categories included 1) no change in GL, 2) minimal change, 3) increase, and 4) decrease. For comparison, a 10-unit change in GL represents about one-third of an SD of GL change in our cohorts or one slice (30 g) of white bread (10) . No significant interactions between protein food change and GL change were seen when protein food intake decreased (data not shown). Butter, although not a significant source of protein, was included in the analysis of protein foods for completeness because it may be considered a dairy product and is of animal origin. *P-trend # 0.01 tested in a separate model as the multiplicative interaction term between the ordinal change in carbohydrate and the continuous change in protein food. To convert kilograms to pounds, multiply by 2.2. GL, glycemic load. statistical power allows us to detect small changes in weight within each 4-y period, which, although relatively small for each time period, can cumulatively lead to substantial changes in body weight over the long term. It is exactly these small changes in weight that we want to detect since they are what is typically seen in the population (i.e., weight changes of w1 lb or 0.45 kg/y). The repeated, validated measures of diet allowed assessment of changes in dietary intake, reducing the possibly of reverse causation (19) . Our 4-y assessment periods are consistent with the physiologic time courses of weight change after a change in diet (33) . Last, analyses were simultaneously adjusted for multiple lifestyle and dietary factors, reducing the influence of residual confounding.
Potential limitations should be considered. Despite adjustment for numerous relevant dietary and lifestyle factors, residual confounding remains a possibility. Yet, most dietary changes were weakly intercorrelated, reducing the likelihood of substantial confounding by diet, although confounding by general health consciousness and dietary restriction is possible. Dietary choices could reflect reverse causation-for example, an individual gaining weight might choose to decrease intake of less healthy foods or increase intake of healthier foods. Such reverse causation would cause bias in the opposite direction as our observed findings, reducing the magnitude of the true associations. Both dietary habits and weight changes are measured with some error, which could lead to underestimation of true effects or, for covariates, produce bias in unpredictable directions. We used the GI of individual foods to estimate the overall dietary GI, which some reports have suggested are not well correlated (34) , although others have found good correlations between the GI of a mixed meal and the GI of the individual food components of that meal (9) . Finally, results may not be generalizable to other populations; however, our findings were consistent across 3 separate cohorts, suggesting that they reflect a true biologic effect.
In conclusion, protein foods appeared to be commonly interchanged with carbohydrate, rather than each other, and concomitant changes in protein foods and carbohydrate appear to interact together to influence long-term weight gain.
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